The European corn borer (Ostrinia nubilalis Hübner) is an important pest in the global production of maize (Zea mays L.). In this study, we mapped and characterized quantitative trait loci (QTLs) significantly affecting resistance against second-generation European corn borer (2ECB) and plant height with the aid of RFLP markers. A total of 300 F3 lines derived from cross B73 (susceptible) x B52 (resistant) were assayed for their parental F2 genotype at 87 RFLP loci. Field data on plant height and resistance against 2ECB were collected for the 300 F3 lines, the parents and the F2 generation at two sites, Ames and Ankeny, IA, USA. Resistance was assessed by measuring the damage of stalk tissue (tunnel length) caused by severe artificial infestation with 2ECB larvae. Genotypic variances among F3 lines were highly significant for tunnel length and plant height, but genotype by location interactions were significantly different from zero only for plant height. Heritabilities were intermediate (0.63) for tunnel length but high (0,87) for plant height. The genotypic correlation between the two traits was 0.29. The method of interval mapping was used for localization of QTLs and estimation of their genetic effects. In the combined analysis across locations, genomic regions significantly affecting resistance against 2ECB were found on chromosome arms IS, IL, 2S, 2L, 3L, 7L and IOL, Genomic regions on IS, 3L and 9L significantly affected plant height. Results were largely consistent across locations. Different types of gene action were found for the putative QTLs for both traits. For tunnel length a total of 38 per cent of the phenotypic variance was explained by simultaneous mapping of the seven putative QTLs. The three putative QTLs for plant height explained 63 per cent of the phenotypic variance. On 3L, evidence was found for an interaction of genes conferring resistance to 2ECB and plant height. Significant digenic epistasis was detected for one pair of marker loci.
Introduction
analysis (Mather & Jinks, 1 971) to estimate parameters of gene action for quantitative traits. A limitation of Most traits of agronomic importance show continuous these methods is that they do not yield information on variation owing to polygenic inheritance and the genes as separate entities but only on the sum of their influence of environmental factors. Trait expression is effects. In addition, they are constrained by a number regulated by a great number of genes, which differ in of assumptions, which are frequently not satisfied.
magnitude and direction of their effects and interact Thoday (1961) crops such as maize (Coe et a!., 1990) , tomato (Bernatzky & Tanksley, 1986) , brassica (Slocum et a!., 1990) , soybean (Keim et a!., 1990) and barley (Graner et a!., 1991) . A further improvement was the development of statistical methods and computer packages handling linkage analyses between marker loci and QTLs for experimental populations used by plant breeders (Lander & Botstein, 1989; . As a consequence, it seems possible to dissect complex quantitative traits at least partly into their underlying Mendelian components. Significant associations of molecular markers with QTLs have been reported for yield, quality traits and insect resistance in interspecific crosses of tomato (Paterson et a!., 1991; Nienhuis et al., 1987) . In maize, QTLs for yield, yield components, abiotic stress and morphological characters have been described Stuber eta!., 1987; Abler eta!., 1991; Reiter eta!., 1991) .
Maize is an excellent species for QTL analyses. A large number (>500) of RFLP markers already mapped in the maize genome is publicly available. In contrast to many other crops, where interspecific crosses are used to overcome the lack of polymorphism, a sufficiently large number of RFLPs can be found in intraspecific crosses. As shown by Abler et a!.
(1991), there is considerable genetic variation for quantitative traits in elite U.S.A. maize germplasm. If QTLs can be identified in commercially-used inbreds, the transfer of results into applied plant breeding programmes should be facilitated. In this study, we characterized QTLs for resistance against the second generation of the European corn borer (ECB) (Ostrinia nubila!is H.) in maize (Zea mays L.) with the aid of RFLP markers. ECB is a major pest of maize in Europe and North America. In the corn belt of the U.S.A., the ECB usually has two generations. First-generation larvae (IECB) feed on leaf blades during the whorl stage of the maize plant, while second-generation larvae (2ECB) attack the plant at or shortly after anthesis and feed on sheath collars and within the stalk and shank. Extensive yield losses result from weakened plants, plant lodging, dropped ears and increased susceptibility to fungal diseases (North Central Regional Extension Publicalion, 1989) . In susceptible single-cross hybrids, Scott et a!. (1967) observed an average yield reduction of 12 per cent from 2ECB infestation. Guthrie et a!. (1975) reported yield losses of up to 35 per cent under heavy infestation of 2ECB larvae.
Resistance against the two ECB generations is conditioned by independent mechanisms, both with quantitative inheritance and mainly additive gene action (Guthrie & Russell, 1989) . Against 1ECB, resistance has been relatively easy to identify and quite a large number of highly resistant inbred lines have been developed. In contrast, breeding for resistance against 2ECB has proved difficult. While backcross breeding appeared to have little effect in improving the level of resistance owing to the putatively high number of genes involved, recurrent selection resulted in a negative correlated response for other agronomically important traits such as yield (Guthrie & Russell, 1989) . Additionally, breeding strategies are impeded by the extremely time-and labour-consuming procedures for screening field materials.
Objectives of our study were to: (i) determine the number and chromosomal location of QTLs conferring resistance against 2ECB using RFLP mapping; (ii) examine the size of genetic effects and the type of gene action at these QTLs; and (iii) evaluate the environmental stability of associations between RFLP loci and QTLs.
Materials and methods

Plant materials
Two homozygous U.S.A. maize inbred lines, B73 and B52 (subsequently also referred to as P1 and P2), were used as the parental material. B52 is one of the few available sources of resistance against 2ECB. In contrast, 1373 is highly susceptible to damage by 2ECB but was widely used as a parent of commercial hybrids grown in the corn belt of the U.S.A. because of its excellent combining ability for grain yield. In the 1988 breeding nursery at Ames, IA, randomly chosen F2 plants from cross B73 X B52 were self-pollinated to produce 300 F3 lines.
RFLP assays
From each of the 300 F3 lines, 10 seedlings were grown in the greenhouse. For genotyping of the parental F2 plant, equal quantities of leaf tissue from the 10 seedlings were harvested and bulked. Laboratory procedures for RFLP assays were performed as described by Lee et al. (1989) . A total of one cDNA and 86 genomic maize clones with single-copy hybridization patterns was selected from collections of mapped clones available from Brookhaven National Laboratory (Burr et a!., 1988) , the University of Missouri, Columbia (Coe et a!., 1990) and Native Plants Inc. (Weber & Helentjaris, 1989) to provide a uniform coverage of the genome.
Agronomic trials
The 300 F3 lines, both parents and their F2 generation were evaluated in a simple 17 x 18 rectangular lattice design. Parents and the F2 generation were included as duplicate entries. Plots consisted of two hills on 76.2 cm centres. Six kernels per hill were hand-planted and after germination thinned to three plants to reach a total of six plants per plot. The experiment was conducted in 1989 at two sites, Ames and Ankeny, located in central Iowa.
At anthesis when the maize plants had reached their full height, artificial infestation was carried out with a calibrated number of 2ECB larvae. The larvae were placed on the leaf axils above and below the primary ear. Infestation was repeated on four successive days to reach a total infestation level of 600 larvae per plant. Thus, escapes could safely be precluded. 
Data analysis
Lattice analyses of variance were performed on field data from each location using the plot means calculated from individual plant measurements for each trait.
Adjusted entry means and effective error mean squares were used to compute the combined analysis across locations, The sums of squares for entries with 305 degrees of freedom (d.f.) were subdivided into the variation among F3 lines (299 d.f.) and orthogonal contrasts among the means of the four generations (P1, P2, F2, F3). A corresponding subdivision was conducted on the entry by location interaction sums of squares. Normality of adjusted entry means from individual locations and of entry means across locations was checked using the W-test described by Shapiro & Wilk (1965) . Student's t-test was used to compare means of homozygous marker classes (Snedecor & Cochran, 1967 ).
Estimates of variance components for a2 (error variance), u, (genotype-location interaction variance) and a (genotypic variance) of F3 lines and their standard errors (S.E.) were calculated as described by Searle (1971) . Homogeneity of variances for marker classes was tested using Bartlett's test criterion as described by Snedecor & Cochran (1967) .
Heritabilities (h2) on a progeny-mean basis were estimated with the formula presented by Hallauer & Miranda (1981): j2 2/l+2/l+2 where r = number of replications and / =number of locations. Exact 90 per cent confidence intervals on were calculated according to Knapp et al. (1985) . Phenotypic (r,,) and genotypic (rg) correlations between tunnel length and plant height were estimated on a progeny-mean basis using standard procedures (Mode & Robinson, 1959) .
The 'effective number' (n), i.e. the minimum number (Lande, 1981) of factors influencing the trait tunnel length was estimated according to Wright (1968) using the correction factor suggested by Cockerham (1986): (Pi)2(â2+ o2) 8 a where 1 and P7 are estimates of the mean phenotypic trait value of P1 and P2, respectively, and à1 and â are the estimated error variances of these means.
Marker loci were checked for deviations from Mendelian segregation ratio 1:2:1 and allelic frequency 0.5 using chi-square tests (Weir, 1990) .
The mean proportion of the B73 genome was estimated for the 300 F2 genotypes as described by Paterson et a!. (1991) . The parental origin of each marker interval was inferred from its flanking markers.
If the interval endpoints had the same genotype, the entire intervening segment was assigned the genotype of the flanking markers. If consecutive marker genotypes were different, the segment in between was assumed to comprise half of each genotype.
A linkage map for cross B73 x B52 consisting of the 87 RFLP markers was assembled using MAPMAKER (Lander et a!., 1987) . For declaration of linkage, a LOD (log10 of the likelihood odds ratio) threshold of 3.0 and a maximum recombination frequency of 0.40 were used. If in the ordering process two orders of loci were not significantly different (L0D difference <3.0), the most likely order was chosen. Genetic distances between markers were estimated using the mapping function of Haldane (1919) .
Mapping of QTLs and estimation of their genetic effects were performed according to the method of interval mapping described by Lander & Botstein (1989) using the computer package MAPMAKER/QTL (Lincoln & Lander, 1990) . For the F2 generation, the Lincoln & Lander(1990) .
When progeny means of F3 lines instead of F2 individuals are used for phenotyping, as was the case in our study, only half of the dominance effects of the F2 plants contribute to the genotypic means of their F3
progenies. Therefore, estimates of d from MAPMAKER/ QTL were multiplied by two in our study to obtain the usual estimates of dominance effects according to the F-metric (Mather & Jinks, 1971) .
Under the assumption of the sparse map case (independent occurrences of spuriously high LOD scores) and a constrained additive model (1 d.f. at each locus), the appropriate LOD threshold (T) for declaration of a significant QTL can be inferred from the formula given by Lander & Botstein (1989) :
with P being the probability of declaring a single false QTL in the genome when M marker intervals are tested. As suggested by Paterson et a!. (1991) for the analysis of F2 intercross progeny, we scanned the entire genome for significant QTLs using the unconstrained model. Significance of each putative QTL was confirmed by re-evaluating LOD scores fitting the constrained additive model (d= 0). In our study (with 77 marker intervals tested), presence of a putative QTL in a given genomic region was declared when the LOD score of the additive model exceeded a threshold of 2.2, corresponding to a probability P <0.05 that a false positive occurs somewhere in the genome. Finally, estimates of additive and dominance effects, the total variance explained by significant QTLs and the total LOD score were obtained by fitting a model including all putative QTLs for the respective trait simultaneously.
Between pairs of marker loci significantly associated with a QTL, digenic epistatic interactions were tested.
For each locus pair, the means of the nine possible genotypic classes from individual locations were weighted with their respective number of observations and subjected to a two-factor analysis of variance. The sequentially rejective Bonferroni procedure (Holm, 1979) was applied when testing epistatic effects (4 d.f.) against the epistatic effects by environment interaction (4 d.f.). Significant epistatic effects and the epistatic effect by environment interaction were partitioned into additive x additive, additive x dominant, dominant X additive and dominant x dominant contrasts. The necessary computations were performed by using PROC GLM of SAS (SAS Institute, 1988) .
Results
Segregation and linkage analyses
For 18 (21 per cent) of the 87 marker loci assayed, the chi-square test (2 d.f.) revealed highly significant (P<0.01) deviations from the 1:2:1 ratio expected for an F2 population. An overall excess of heterozygotes was observed in contrast to the expected deficiency when DNA from bulked F3 leaf tissue was used to determine the genotype of the parental F2 plant. Segregation distortion was found for all 10 chromosomes. Deviations from the expected allelic frequency of 0.5 were tested with a single degree-of-freedom chi-square test and were highly significant (P < 0.01) at 14 loci (16 per cent). Nine of them showed an excess of B73 alleles. On chromosome 4, a segment with three linked loci (BNL15.45, UMC42 and UMC19) was distorted in favour of B52 alleles.
The proportion of the B73 genome ranged from 28 per cent to 80 per cent among the 300 F2 individuals (Fig. 1) . The mean proportion was 50.9 per cent, which is not significantly different from the expected 50 per cent under normal Mendelian segregation.
The RFLP linkage map was in good agreement with previously published RFLP maps in maize (Burr et a!., 1988; Coe et a!., 1990) . UMC1O4 was the only probe not significantly linked to one of the 10 linkage groups. Adjusted entry means from individual locations and entry means across locations followed a Gaussian (normal) distribution for both traits except at Ames, where entry means for plant height deviated significantly (P =0.02) from normality. In the combined analysis across locations, means of parents B52 and B73 differed significantly (P <0.01) for tunnel length but not for plant height (Table 1) . As expected, tunnel length was significantly reduced in the 2ECB resistant parent B52 in comparison with the susceptible parent B73. Orthogonal contrasts revealed a significantly greater plant height for the F2 generation than for the parental mean (P), indicating substantial heterosis for this trait. Moreover, the contrast F1 + P-2F3 (F3 =mean of the 300 F3 lines) was significantly (P <0.01) greater than zero for plant height, providing evidence for epistasis. No significant differences were found between the mean of the 300 F3 lines and the parental mean (P) for both traits.
Genotypic variances (a) among F3 lines were highly significant (P <0.01) for both traits (Table 1) . Genotype-location interactions (a1) were not significantly greater than zero for tunnel length but highly significant (P <0.01) for plant height. However, â was considerably smaller than ô for both traits.
Heritability ( §Confidence intervals of h2 were calculated using the method by Knapp et al. (1985) .
Phenotypic correlations between tunnel length and plant height were highly significant for Ames (r = 0.30**) and for means across both locations (r = 0.25**). The genotypic correlation between the two traits was rg= 0.29 (SE. 0.07).
Associations between RFLP loci and agronomic traits
In the combined analysis across locations, seven genomic regions located on chromosome arms iS, 1L, 2S, 2L, 3L, 7L and JOL were found to significantly affect 2ECB resistance determined by tunnel length ( For tunnel length, results were largely consistent across locations (Fig. 2) . If results from both locations gave evidence for the presence of a QTL, the maximum LOD score from the combined analysis was larger than LOD scores from individual locations. Examples are the putative QTLs for tunnel length on iS, iL, 2S, 2L, 3L and 1OL. If environment-specific QTLs occurred, as on chromosome arms 3L, 6L and 7L, the maximum LOD score of the combined analysis was considerably smaller than the greater LOD score of the two locations.
A comparison was made between the two homozygous marker classes of RFLP locus UMC33 on chromosome iL that was tightly linked to the QTL explaining the largest fraction (16 per cent) of the phenotypic variance for tunnel length and having the largest additive effect (a =5.7 cm). The comparison revealed significant differences in the means (P <0.01) and variances (P <0.05) of the two homozygous marker classes for resistance against 2ECB (Fig. 3) . 
Three genomic regions on chromosome arms iS, 3L
and 9L significantly affected plant height (Table 2) in the analyses for individual locations and combined across locations (Fig. 4) . LOD scores at peaks of likelihood maps were high, ranging from 5.7 to 12.9 on 3L and 9L, respectively. For the two putative QTLs on chromosome arms IS and 9L, the alleles from B52 caused an increase in plant height. These two QTLs exhibited overdominance and partial dominance, whereas partial recessiveness (-a <d<O) was found for the QTL on chromosome arm 3L However, the putative QTLs on 3L and 9L had small estimates of dominance effects compared with estimates of additive effects. For plant height, 63 per cent of the total phenotypic variance was explained by the three putative QTL5.
To test if the putative QTLs for tunnel length were still detected after adjusting for plant height (tunnel length is limited by plant height), QTL mapping was performed on tunnel length per unit plant height. After the adjustment, four of the seven QTLs were still significant. Maximum LOD scores for the putative QTLs on 7L (LODmax = 1.5) and JOL (LODmaX = 2.1) decreased below the critical threshold (T= 2.2), but there was still an indication for the presence of QTLs. On chromosome arm 3L, a QTL for both traits was observed in the same interval. After the adjustment, LOD scores decreased considerably (LODmax =0.6) in this genomic region, suggesting that it was not a physiological mechanism of resistance against 2ECB but rather a physical limitation of tunnel length owing to shorter plant height that led to the significant QTL on 3L. 
Discussion
We identified seven QTLs with significant effects on resistance against 2ECB. At five of these QTLs, resistance alleles originated from B52. It has to be stressed, however, that only those QTLs will be detected that explain a significant proportion of the phenotypic variance of the trait under study. For detection, a QTL must be tightly linked to adjacent marker loci and/or its genetic effect must be sufficiently large. No contributions to the genetic variance can be expected, if two loci with effects of similar size are closely linked in repulsion phase, or if the parents of a cross carry the same alleles. QTLs having exclusively epistatic but no additive or dominance effects would also remain undetected with our method of statistical analysis. Additionally, detection of QTLs is limited by the degree of polymorphism in a cross. The number and location of genes involved in resistance against 2ECB were also investigated in a translocation study conducted by Onukogu et a!. (1978) , Translocation stocks were crossed onto the susceptible inbred lines 0h43 and W182E while B52 served as the source of resistance genes. The authors found seven chromosome arms (iS, IL, 2L, 3S, 4L, 55 and 8L) showing significant associations with resistance against 2ECB. Three of them (JL, IS and 2L) were corroborated by our study as putative locations of QTLs for resistance against 2ECB contributed by B5 2. Moreover, the largest effects on resistance were found on IL and 2L in both studies. As pointed out by Onukogu et a!. (1978) , translocation studies are confounded in that: (i) effects of linked genes cannot be distinguished and (ii) recessive or partially recessive genes will not be detected. Thus, the different materials and recessiveness of genes as found for the QTL on 2S may explain some discrepancies between the two studies.
Using Wright's formula, the minimum number of effective factors (n) was estimated to be four. This method provides an estimate of the actual number of genes only under the assumption of purely additive gene action and independent segregation of genes with equal effects (Wright, 1968) . In addition, the parental inbreds need to represent the phenotypic extremes for the trait under study. Our results from QTL mapping indicate that these assumptions were not fulfilled so that dominant gene action, linked genes and incomplete association of genes of like effect in the parents probably resulted in underestimation of the number of genes involved in trait expression.
In conclusion, all three methods only provide an estimate for the minimum number of genes controlling a quantitative trait. QTL mapping, however, is definitely superior to the other two approaches. Even though B73 is known to be highly susceptible to 2ECB, the resistant allele at two of the seven putative QTLs for tunnel length was contributed by this inbred. Similar results were reported for the highly susceptible inbred 0h43 that positively contributed to resistance of the progenies in two sets of diallel crosses (Jennings et a!., 1974) . Scott et a!. (1967) hypothesized that the resistance alleles of 0h43 only had an effect when crossed to a resistant inbred, suggesting the presence of epistasis. The significant dominant X additive epistatic interaction between UMC137 on 2L and NP1303 on JOL substantiated this conclusion. It might be speculated that resistance alleles found in elite lines are not as negatively correlated with agronomic performance as the alleles found in line B52 and, therefore, can be useful for production of improved source populations as a basis for selection.
As plant height might have a significant effect on tunnel length, the parents of our cross were chosen to be of similar height. Genes for plant height were still segregating in the F3 lines, as was obvious from the highly significant genotypic variance. The high LOD scores in three genomic regions provided strong evidence of significant QTLs for plant height.
On chromosome arm 3L, the likelihood peaks (i.e. the maximum LOD score) for the putative QTLs for tunnel length and plant height fell in the same marker interval. The B73 allele increased both plant height and tunnel length. QTL mapping results of tunnel length per unit plant height gave strong evidence of an interrelation of the genes regulating the two traits in this genomic region. The fact that only one marker interval was found to coincide for tunnel length and plant height agreed with the finding of a relatively small genotypic correlation (r8 =0.29) for the two traits and disproved the presumption that a plant height QTL would automatically have an effect on resistance against 2ECB. The phenomenon of significant associations of molecular markers with more than one trait was also observed in other studies. Paterson et a!, (1991) found overlapping marker intervals for the highly significantly correlated traits mass per fruit and soluble solids in tomato. Abler et a!. (1991) observed the same for yield components and morphological traits. Explanations for these results are (i) pleiotropy or (ii) tight linkage. By using larger experimental populations or intermating of progenies it should be possible to distinguish between the two phenomena, but with an increase in population size only marginal earnings can be expected. An alternative strategy to disentangle the two possible causes for genetic trait correlations is the use of overlapping recombinant segments in a marker interval that has previously been identified to be significantly associated with the putative QTLs (Paterson et a!., 1990) .
The comparison of homozygous marker classes at UMC33 revealed significant differences in the variances for the two classes mainly because of one extreme value in each direction in the susceptible marker class (Fig. 3) . The same observation was made for a number of markers and agronomic traits by . The increased variance for tunnel length of the homozygous marker class with the susceptible allele at UMC33 could be a consequence of interactions between genes conferring resistance against 2ECB or a correlation between the mean and the variance. If the variance scales with the mean, a log transformation is usually applied. Results from QTL mapping with log-transformed mean values were almost identical to results with untransformed data.
As pointed out by Lande & Thompson (1990) , the proportion of the additive genetic variance that can be explained by the sum of all putative QTLs is proportional to the product of the heritability of the trait and the sample size. In addition, the fewer effective factors that contribute to the expression of a trait the larger becomes the proportion of the additive genetic variance that can be detected. In our study, these expectations were fully met. For tunnel length, h2 was 0.63 and only 38 per cent of the phenotypic variance could be explained by fitting all seven QTLs simultaneously. Hence, about 60 per cent of the genetic variance for tunnel length could be accounted for. For plant height, h2 was 0.87 and 63 per cent of the phenotypic variance, i.e. a total of 72 per cent of the genetic variance, could be explained by simultaneous fit of all three putative QTLs.
The use of F3 lines for QTL mapping has a number of advantages in comparison with other generations. Firstly, utilization of replicated progenies for phenotyping leads to an increase in power for testing hypotheses about genetic effects of QTLs . Secondly, in contrast to backcross or fully homozygous progenies (e.g. recombinant inbreds or doubled haploids), F3 lines allow dominance effects to be estimated. However, the power of testing for dominance effects is reduced in F3 lines compared with F2 individuals. This is because dominance effects contribute only half to the genotypic mean of the heterozygous marker class in the case of F3 lines but fully in the case of F2 individuals (Mather & Jinks, 1971 (1974) found general combining ability (GCA) effects for resistance to be far more important than specific combining ability (SCA) effects in three diallel sets of crosses, which corroborated the preponderance of additive over dominant gene action. However, the estimate of the sum of dominance effects contributing to resistance to 2ECB obtained from diallel analysis may not be very accurate because dominance for susceptibility and resistance cancel each other. An example is the QTL for tunnel length on 2S where complete dominance for susceptibility leads to reduced heterosis for resistance in the heterozygous progenies (Table 2 ). Our results indicate that a substantial proportion of genetic variation (d --I /2a) results from dominant gene action.
Two QTLs, one for tunnel length on 3L and one for plant height on iS exhibited overdominance. As pointed out by Edwards et al. (1987) , the estimate of a genetic effect can indicate overdominance, while we are looking at two genes in repulsion phase with at least partial dominance in the same direction ('pseudo overdominance ', Comstock & Robinson, 1952) . However, LOD scores for plant height on iS and tunnel length on 3L did not indicate the presence of two distinguishable QTLs in the respective genomic regions. It was inter esting that the QTL for tunnel length on 3L exhibited overdominance while the QTL for plant height on 3L was only partially dominant, which may indicate that it is not the same gene affecting plant height and resistance in this genomic region. Stability of genotypes over environments is a major goal in plant breeding. Most QTLs found for tunnel length and plant height were consistent across locations, indicating that expression of genes conferring resistance against 2ECB was mainly independent of the environment. Only three significant QTLs were found for tunnel length at Ames (on 3L, OL and 7L) that could not be detected at Ankeny. These findings were in contrast to results reported by Paterson et al. (1991) , where a considerably smaller percentage of QTLs for soluble solids concentration and pH was shared by the two populations of tomato F3 lines grown in California and Israel. However, California and Israel represent much more diverse environments than Ames and Ankeny. The more pronounced sensitivity to environmental effects could also result from the employment of an interspecific instead of an intraspecific cross as well as from different environmental sensitivities of the respective traits. The non-significant or very small genotype by environment interaction observed in our study was an indicator for consistency of results across locations. For tunnel length, this finding was expected because this trait showed a high heritability in previous investigations (W. A. Russell, personal communication) and severe artificial infestation with larvae from the same insect population was carried out at both sites. it remains to be shown how well QTLs for resistance against 2ECB coincide in more diverse environments.
The detection of significant associations between genes conferring pest resistance and RFLP markers will be useful for a wide range of applications. For breeders it is important to obtain a more profound understanding of the inheritance of polygenic pest resistance and its interrelation with other agronomically important traits in order to develop improved breeding strategies. With the help of molecular markers, introgression and pyramiding of resistance genes from exotic or agronomically unacceptable germplasm may be accomplished with considerable savings in time. If QTLs exhibit significant epistatic interactions, marker-assisted selection should increase efficiency by facilitating the selection of genotypes with the favourable alleles at both loci. Moreover, if screening for resistant genotypes is very costly and time consuming as in the case of 2ECB resistance, the combination of marker-assisted and phenotypic selection should be superior to classical methods.
Further research is in progress to investigate the validity of our results for other populations and also to combine results from mapping of QTLs for resistance against 2ECB with those for other agronomically important traits. As described by Guthrie & Russell (1989) , four cycles of recurrent selection for improved resistance against 2ECB resulted in substantial reduction (24 per cent) of grain yield. For this reason, the testcross performance of the 300 F3 lines from cross B7 3 x B5 2 is being evaluated and QTL mapping will be applied to elucidate the mechanisms that are responsible for the negative correlated response of resistance and yield potential.
